Background. The correlation between antibody production against mismatched donor human leukocyte antigens (HLA) and the number of amino acid sequence mismatches was analyzed in patients who rejected a kidney transplant (n‫.)641؍‬
Donor-specific human leukocyte antigen (HLA) antibodies can be detected in individuals who have been immunized as a result of pregnancies, failed transplants, or blood transfusions. During pregnancy, women can produce antibodies directed against the paternal HLA antigens of the child. The role of these antibodies in pregnancy is unclear. It is suggested that recognition of paternal HLA antigens of the child might be involved in a maternal immunologic adaptation required to protect the fetal allograft (1) . Antibodies directed against the paternal HLA antigens of the child are generally detected in only 15% to 30% of women. Potential factors contributing to the induction of antipaternal antibodies are the number of fetal cells passing through the placenta, the number of HLA mismatches between child and mother, the development of anti-idiotypic antibodies directed against anti-HLA antibodies (2) , or cytokine polymorphism in the mother (3) .
In cadaveric transplantation, a serologic crossmatch test between kidney donor and transplant recipient is routinely performed to avoid hyperacute rejection caused by donor HLA-specific antibodies. However, acute rejection leading to early graft loss and chronic rejection remain major problems. A better understanding and prediction of the humoral response may be of benefit for renal transplant recipients.
In previous studies, we could demonstrate that the immunogenicity of a particular HLA mismatch, as measured by the induction of alloantibodies, depends on the HLA phenotype of the donor as well as that of the recipient (4 -6) . This differential immunogenicity might be explained by specific amino acid sequence differences between the HLA alleles of donor and recipient. These amino acid sequence differences can be analyzed by a computer algorithm developed by Duquesnoy (7) that defines the HLA-A and HLA-B mismatches by triplets of amino acid residues on alloantibody accessible sites of HLA molecules. The program converts each HLA class I allele into a string of linear amino acid triplets and then determines which donor amino acid triplets are shared or not shared between donor and recipient. The program is based on the concept that no antibodies are formed against triplets of amino acids that are shared between donor and recipient.
In the present study, we determined whether in patients who rejected a kidney transplant a correlation exists between the antibody production against the mismatched donor HLA antigens and the number of triplet mismatches between patient and donor. A similar approach was used for the incidence of antibody production by women against the mismatched paternal HLA antigens of the child.
PATIENTS AND METHODS
Sera were collected from renal transplant patients who underwent transplantation between 1973 and 2000 and who came back onto the Eurotransplant waiting list after transplant failure (nϭ144) and from women who, from 1968 on, had their delivery at the Leiden University Medical Center (nϭ1,397). The transplant patient cohort consisted of 61 women and 83 men. In 48 patient and donor combinations, a single HLA class I mismatch was present; in 93 combinations, two HLA class I mismatches were present; in 37 combinations, three HLA class I mismatches were present; and in 12 combinations, four HLA class I mismatches were present. Until 1985, the patients (nϭ35) were treated with prednisone and Imuran or prednisone and cyclosporine. After 1985, the patients (nϭ109) were treated with cyclosporine, prednisone, and antithymocyte globulin followed by different protocols including anti-CD25, OKT3, tacrolimus, and mycophenolate mofetil.
The sera of the pregnant women were tested by a serologic crossmatch against the lymphocytes of the child or the father. Furthermore, all sera were tested by a screening against a panel of 50 HLA-typed individuals, using the standard National Institutes of Health complement-dependent cytotoxicity assay, to identify whether specific antibodies were formed against the donor or against the mismatched paternal antigens. All patients, donors, women, fathers, and children were typed for HLA-A and HLA-B using the standard complement-dependent cytotoxicity assay technique.
The number of triplet mismatches was calculated using the HLAMatchmaker program developed by Duquesnoy (7). It analyzed whether a correlation exists between the number of triplet mismatches and the percentage of patients producing specific antibodies. The same approach was used for all combinations of women and mismatched paternal antigens of the child. A linear regression analysis, using GraphPad InStat (Graphpad Software, Inc., San Diego, CA) was performed to analyze whether a significant correlation was present.
RESULTS

Transplant Patients
A strong correlation between the number of triplet mismatches between patient and donor antigen and the percentage of patients that produce donor-specific antibodies was found (PϽ0.0001, r 2 ϭ0.99) (Fig. 1 ). When zero triplet mismatches were present, no specific antibodies against the donor antigen were formed; and when 11 or 12 triplet mismatches were present, almost all patients (94%) produced specific antibodies against the donor. Because HLA matching is an important allocation parameter within Eurotransplant, the number of cases with more than 12 triplet mismatches was too low (nϭ7) to be included in the analysis. To analyze the influence of the different immunosuppression protocols, the cohort was split into two groups: one that underwent transplantation before and one after 1985. The triplet analysis was performed in both groups, and the same significant correlation could be found.
Pregnant Women
Similarly, as shown in Figure 2 , the percentage of women that produce specific antibodies against their child increases when a higher number of triplet mismatches between mother and child are present (PϽ0.0001, r 2 ϭ0.95). When zero triplet mismatches were present, no antibodies were formed in all cases; and when 11 or 12 triplet mismatches were present, approximately 27% of the women produced specific antibodies against their child, showing that the immunogenicity of an HLA mismatch during pregnancy was lower than in cases of graft rejection. This is further substantiated by Figure 3 , which shows the correlation coefficients between he number of triplet mismatches and the percentage of individuals producing HLA alloantibodies.
The triplet mismatches in all women with fewer than five triplet mismatches were analyzed in more detail (nϭ122). We compared the positions and the amino acid sequence of the triplet mismatches in women that produced specific antibodies against their child with those of women that did not produce specific antibodies against their child and the same HLA mismatch was expressed by the child. No differences in the position or the amino acid sequence of the triplet mismatches was found between the two groups (data not shown).
DISCUSSION
To validate the HLAMatchmaker algorithm, the induction of alloantibodies in case of graft rejection and pregnancy was analyzed in relation to the number of triplet mismatches defined by the HLAMatchmaker computer algorithm. HLAMatchmaker considers only triplets in antibody-accessible positions of the HLA molecule. HLA-specific antibodies play a major role in graft rejection; therefore, matching at the triplet level can be expected to decrease the antibody production and improve graft survival. A former analysis using HLAMatchmaker already showed that HLA-A,B-mismatched kidneys that were compatible at the triplet level exhibited almost identical graft survival rates as HLA-A,Bmatched kidneys (8).
Our results show that a strong correlation can be found between the number of triplet mismatches and antibody production. If zero triplet mismatches were present, no antibodies were formed in all cases, which implies that rejection of grafts from donors that do express HLA mismatches but no triplet mismatches will not lead to humoral sensitization of the recipient.
In contrast, combinations with 11 or 12 triplet mismatches will almost always lead to sensitization of the patient, as 94% of the patients with a failed transplant produced specific antibodies against the donor. A similar strong correlation between the number of triplet mismatches and antibody production was observed for pregnancy, although the immunogenicity of the fetus was significantly lower than that of a rejected kidney graft. Several factors can be responsible for this difference. During pregnancy, there is limited fetomaternal hemorrhage. The placenta acts as a barrier between mother and child and serves as a filter for the passage of antibodies to the fetus. The placental trophoblasts can be considered as an allograft and are the only cells that are in contact with maternal blood. However, these cells do not express MHC class I, thereby minimizing tissue incompatibility and reducing the presentation of paternal antigens to maternal T cells (9). In contrast, in transplantation, the endothelium of the graft expresses HLA class I and II molecules and comes into direct contact with blood of the patient, which implies a much higher antigenic stimulation compared with pregnancy.
Furthermore, multiple studies show that the maternal immune system is locally suppressed by various pregnancyassociated proteins, such as ␤-1 glycoprotein and ␣-fetoprotein, produced by the placental cells (10). Finally, the placenta can express Fas, which can induce apoptosis of lymphocytes by binding to Fas ligand (11).
The current results indicate that analysis of the number of triplet mismatches between patient and donor can predict the antibody reactivity against the mismatched HLA antigens of failed transplants. This study focused on the patients who rejected their graft. Therefore, in a future study, it would be interesting to analyze the effect of triplet mismatching in patients with functioning transplants to determine its effectiveness in reducing graft rejection.
CONCLUSION
The HLAMatchmaker program is already used by the Eurotransplant Reference Laboratory for the definition of acceptable mismatches for highly sensitized patients (12). The present study suggests that further implementation of triplet matching in a kidney allocation scheme might reduce the incidence of humoral graft rejection and minimize the sensitization grade of retransplant candidates. Background. Preservation injury is a major cause of primary graft dysfunction in liver transplantation (LT). Oxidative damage is considered to be the first event leading to graft damage. Xanthine oxidoreductase (XOR) and neutrophil activation, two sources of reactive oxygen species, could play a role in the development of graft dysfunction.
Methods. We determined activities of XOR forms, polymorphonuclear elastase (PMN-E) Conclusions. XOR release and neutrophil activation are produced during LT, and they are potentially injurious mechanisms associated with this therapy.
Liver transplantation (LT) is an effective treatment for end-stage liver disease. However, early graft dysfunction is still a serious complication in which preservation-reperfusion injury is considered to play a central role (1) . There is some evidence to suggest that cold ischemia of the liver first affects the sinusoid lining cells and that the damage can later extend to parenchymal cells (2) . After reperfusion, the production of reactive oxygen species (ROS) causes cell damage and triggers further processes, such as expression of adhesion molecules in leukocytes and endothelial cells, subsequent infiltration and adhesion of activated neutrophils to the endothelium, and microcirculatory disorders that can alter graft function (3). Xanthine oxidoreductase (XOR) and activated neutrophils are two accepted sources of ROS that cause oxidative injury in tissues after ischemia and reperfusion (4) . Moreover, during activation, the infiltrated neutrophils release proteolytic enzymes that could enhance ischemia-reperfusion injury in transplanted organs.
XOR catalyzes the two final steps in the degradation of purines in humans, oxidizing hypoxanthine and xanthine to uric acid. The enzyme exists in two forms: xanthine dehydrogenase (XD), which has NAD ϩ as the electron acceptor, and xanthine oxidase (XO), which is oxygen dependent and generates ROS as products of its catalysis (5) . In tissues, XD is the main form, and it can be transformed into XO through two mechanisms: reversible oxidation of thiol groups, generating reversible XO (XO rev ), or partial proteolysis, generating the irreversible form (XO irr ) (6). According to Roy and McCord (4), during the ischemic phase, the loss of ionic equilib-
